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(57) ABSTRACT 

An oscillator circuit comprising a resonant circuit Which 
includes a negative resistor, an inductor and an oscillation 
frequency setting capacitor Whose capacitance is varied 
according to a control voltage based on oscillation frequency 
data and Which outputs a signal having an oscillation fre 
quency based on the oscillation frequency data, a tempera 
ture detector Which outputs temperature compensation data, 
based on the temperature, and temperature compensating 
capacitors Which are electrically connected to the resonant 
circuit and Which are supplied With the temperature com 
pensation data to change capacitance values thereof based 
on the temperature compensation data, thereby adjusting the 
oscillation frequency. 
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OSCILLATOR CIRCUIT WITH TEMPERATURE 
COMPENSATION FUNCTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to an oscillator circuit 
and a control method thereof, and particularly to an oscil 
lator circuit driven at a loW voltage and a control method 
thereof. 

[0002] Ahigh-frequency oscillator circuit is con?gured of, 
for example, a resonant circuit in Which a negative resistor, 
an inductor and a variable capacitance type capacitor are 
parallel-connected to one another. A method of controlling 
the oscillation frequency of such an oscillator circuit is 
carried out by changing the capacitance of the capacitor With 
a voltage or changing the mutual conductance of the nega 
tive resistor With current as described in the folloWing 
non-patent document 1, for eXample. A ?eld effect transistor 
is generally used as the variable capacitance type capacitor. 
Described speci?cally, a gate electrode of the ?eld effect 
transistor is connected to the negative resistor and the 
inductor, and a source electrode and a drain electrode thereof 
are short-circuited to apply 0 to a poWer supply voltage. The 
oscillation frequency of the oscillator circuit is changed to 
0% to 20% by such a variable capacitance. An oscillation 
frequency band necessary for radio, a shift in oscillation 
frequency due to a change in temperature, a shift in oscil 
lation frequency due to variations in device characteristic, 
etc. are all held Within this frequency range. 

[0003] IEEE Transactions on MicroWave Theory and 
Techniques, Vol. 49, NO. 1, JANUARY 2001, pp17-22 

[0004] In the description of the above patent document, 
the frequency band necessary for radio can be ensured even 
if an ambient temperature of the oscillator circuit is varied 
in a range of 240K to 400K Where the poWer supply voltage 
for driving the oscillator circuit is about 2V or more. When 
the poWer supply voltage reaches about 1V, the variable 
Width of the oscillation frequency is reduced to about 5% to 
about 10%. When the oscillation frequency range of the 
oscillator circuit becomes narroW, the frequency band nec 
essary for radio cannot be ensured in a temperature range 
normally required for the oscillator circuit, e.g., a full range 
of 230K to 400K even though the frequency band necessary 
for radio could be ensured at a speci?c temperature. Its 
principal cause results from the fact that the mutual con 
ductance of each transistor constituting the negative resistor 
is reduced With a rise in temperature, so that the frequency 
for starting oscillations is loWered. That is, the oscillator 
circuit or a voltage-controlled oscillator becomes narroW in 
oscillation frequency band When its drive voltage is reduced, 
and cannot afford to accommodate variations in oscillation 
frequency due to a change in temperature in terms of the 
frequency. Further, When the variations in production device 
characteristic are taken into consideration, the accommoda 
tion of the variations in device characteristic in the narroW 
oscillation frequency band at the time that the poWer supply 
voltage is about 1V is considered to be almost impossible. 

SUMMARY OF THE INVENTION 

[0005] The present invention has been made to solve the 
foregoing problems. Therefore, the present invention pro 
vides an oscillator circuit, comprising: 
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[0006] a resonant circuit Which includes a negative 
resistor, an inductor and an oscillation frequency 
setting capacitor Whose capacitance is varied accord 
ing to a control voltage based on oscillation fre 
quency data and Which outputs a signal having an 
oscillation frequency based on the oscillation fre 
quency data; 

a em eraure eecor W1C ou us em 0007 tpt dtt hhtptt 
perature compensation data, based on the tempera 
ture; and 

[0008] temperature compensating capacitors that are 
electrically connected to the resonant circuit and 
changed in capacitance value, based on the tempera 
ture compensation data to thereby adjust the oscil 
lation frequency. 

[0009] In the oscillator circuit according to the present 
invention, the temperature compensation data based on the 
temperature of the oscillator circuit is generated by the 
temperature detector during the operation of the oscillator 
circuit. Further, the capacitances of the temperature com 
pensating capacitors are adjusted to adjust the capacitance 
value of the resonant circuit, Whereby temperature-compen 
sation for an oscillation frequency range of the oscillator 
circuit is carried out. According to the oscillator circuit 
having such a con?guration, even if a drive voltage is loW 
and the oscillation frequency is narroW in variable Width, the 
in?uence of the temperature on the oscillation frequency can 
be compensated and a required oscillation frequency band 
can be ensured. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] While the speci?cation concludes With claims par 
ticularly pointing out and distinctly claiming the subject 
matter Which is regarded as the invention, it is believed that 
the invention, the objects and features of the invention and 
further objects, features and advantages thereof Will be 
better understood from the folloWing description taken in 
connection With the accompanying draWings in Which: 

[0011] FIG. 1 is a con?gurational eXample of an oscillator 
circuit according to a ?rst embodiment of the present 
invention; 

[0012] FIG. 2 is a con?gurational eXample of a voltage 
controlled oscillator according to the ?rst embodiment; 

[0013] FIG. 3(a) shoWs a circuit con?guration of a tem 
perature detector of the temperature detector; 

[0014] FIG. 3(b) shoWs an output signal of a temperature 
detector of the temperature detector; 

[0015] FIGS. 4(a) to 4(c) illustrate results obtained by 
measuring relationships betWeen oscillation frequencies and 
LPF voltages at non-temperature compensation under 
respective temperatures; 

[0016] FIG. 4(LD illustrates a relationship betWeen the 
oscillation frequency and the temperature Where the LPF 
voltage=0.7V in FIGS. 4(a) to 4(c); 

[0017] FIGS. 5 (a) and 5(b) are timing charts for describ 
ing a packet transmitting/receiving process according to the 
?rst embodiment; 
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[0018] FIG. 6 is a ?owchart for describing the packet 
transmitting/receiving process according to the ?rst embodi 
ment; 

[0019] FIG. 7 is a circuit con?gurational example for 
varying the mutual conductance of a negative resistor; 

[0020] FIG. 8 is a con?gurational example of an oscillator 
circuit according to a second embodiment of the present 
invention; 
[0021] FIG. 9 is a con?gurational eXample of a voltage 
controlled oscillator according to the second embodiment; 

[0022] FIG. 10 shoWs a simulation result obtained by 
varying the composite capacitance value of device charac 
teristic compensating capacitors to thereby calculate an 
oscillation frequency; 

[0023] FIG. 11 shoWs a calculated eXample of device 
characteristic compensation data; 

[0024] FIG. 12 is a ?oWchart for describing a packet 
transmitting/receiving process according to the second 
embodiment; and 

[0025] FIG. 13 is a ?oWchart for describing a process for 
calculating a string of device characteristic compensation 
data. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0026] Preferred embodiments of the present invention 
Will hereinafter be described in detail With reference to the 
accompanying draWings. 

FIRST EMBODIMENT 

[0027] [Overall Con?guration] 
[0028] FIG. 1 is a con?gurational eXample of an oscillator 
circuit 100 according to a ?rst embodiment. The oscillator 
circuit 100 is contained in a Wireless integrated circuit 
mounted in a Wireless apparatus such as a Wireless local area 
netWork (LAN) and determines a carrier frequency of a 
radio Wave in accordance With the oscillation frequency of 
an output signal of the oscillator circuit 100. 

[0029] The oscillator circuit 100 is a phase locked loop 
type oscillator circuit, for eXample. As Will be described 
later, the oscillator circuit 100 has a temperature compen 
sating function for compensating for the in?uence of a 
change in the temperature of the oscillator circuit 100 on an 
oscillation frequency band. 

[0030] The oscillator circuit 100 includes a phase locked 
loop comprising a phase comparator 1, a loop ?lter 2, a 
voltage-controlled oscillator (VCO) 3 and a frequency 
divider 4, a register 5 and a temperature compensating 
circuit 6. 

[0031] The phase comparator 1 outputs the difference in 
phase betWeen a reference frequency signal having a refer 
ence frequency fref and a frequency division signal corre 
sponding to the output of the divider 4 in voltage or current 
form. The loop ?lter 2 is a loW pass ?lter (LPF), Which 
effects smoothing (averaging) on the output of the phase 
comparator 1. Since the voltage outputted from the loop 
?lter 2 is equivalent to the output of the LPF here, the output 
voltage of the loop ?lter 2 Will be called “LPF voltage” in 
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the folloWing description. The voltage-controlled oscillator 
3 outputs an oscillation frequency signal fout having a 
frequency (N*fref) equivalent to division ratio N times the 
reference frequency fref in accordance With the LPF voltage. 
The divider 4 is con?gured of, for eXample, a programmable 
counter, Which divides the frequency of the oscillation 
frequency signal fout into 1/N. The register 5 sets frequency 
data (division ratio N) to the divider 4 and outputs tempera 
ture compensation data to the voltage-controlled oscillator 3 
in order to adjust the oscillation frequency band. The tem 
perature compensation data is data for compensating for the 
in?uence of the temperature of the oscillator circuit 100 on 
the oscillation frequency band. 

[0032] The register 5 (frequency data setting unit) obtains 
or captures and retains frequency data (division ratio N) 
fetched from a control circuit of the Wireless apparatus and 
sets it to the divider 4. 

[0033] The temperature compensating circuit 6 comprises 
a register 7 (temperature compensation data setting unit) and 
a temperature detector 8. The temperature detector 8 outputs 
temperature compensation data corresponding to the tem 
perature to the register 7. The register 7 temporarily holds 
the temperature compensation data therein and sets it to the 
voltage-controlled oscillator 3. As Will be described later, the 
register 7 reneWs or updates the incoming temperature 
compensation data for each transmission or reception of a 
packet from or in the Wireless apparatus, sets it to the 
voltage-controlled oscillator 3 and holds the same value 
during the transmission or reception of one packet. 

[0034] The oscillator circuit 100 feeds back the division 
signal obtained by dividing the output of the voltage 
controlled oscillator 3 into 1/N by the divider 4 to the phase 
comparator 1 and performs feedback control in such a 
manner that the reference frequency signal and the division 
signal coincide in phase With each other, thereby outputting 
the oscillation frequency fout equivalent to N times the 
reference frequency fref. The setting of the oscillation 
frequency is carried out by causing the register 5 to set the 
division ratio N to the divider 4. If the value of the division 
ratio N is changed, then the oscillation frequency is changed. 
The temperature compensating circuit 6 compensates for the 
in?uence of the temperature on the oscillation frequency. 

[0035] [Con?guration of Voltage-Controlled Oscillator] 
[0036] FIG. 2 is a con?gurational eXample of the voltage 
controlled oscillator 3. The voltage-controlled oscillator 3 
includes a negative resistor 31, an inductor 32, an oscillation 
frequency setting capacitor 33 and a buffering circuit 36. 
The negative resistor 31, the inductor 32 and the capacitor 
33 constitute a resonant circuit. The negative resistor 31 
comprises, for eXample, a plurality of transistors that con 
stitute a positive feedback loop. Here, the capacitor 33 is a 
variable capacitance type capacitor and has a voltage control 
terminal for varying a capacitance value. The LPF voltage 
corresponding to the output of the loop ?lter 2 is inputted to 
the voltage control terminal of the capacitor 33. The capaci 
tance of the capacitor 33 is varied according to the LPF 
voltage. The buffering circuit 36 is a buffer circuit for 
preventing buffering betWeen the resonant circuit and a 
circuit on the output side. The buffer circuit fetches out a 
signal oscillated by the resonant circuit and outputs an 
oscillation frequency signal. 
[0037] In the present embodiment, the inductance of the 
inductor 32 is set to, for eXample, 2.0 nH, the capacitance 
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value of the capacitor 33 is set to 2.1 pF as a typical value, 
and the oscillation frequency band is set to a range of 2.4 
GHZ to 2.5 GHZ. 

[0038] The voltage-controlled oscillator 3 further includes 
temperature compensating capacitors 34 and 35. The tem 
perature compensating capacitors 34 and 35 are variable 
capacitance type capacitors for compensating for the in?u 
ence of a change in temperature on the oscillation frequency 
band. The capacitors 34 and 35 respectively have voltage 
control terminals for varying their capacitance value. Tem 
perature compensation data a and b are respectively inputted 
to the voltage control terminals from the temperature com 
pensating circuit 6 (see FIG. 1). The capacitors 34 and 35 
are varied in capacitance value in accordance With the 
temperature compensation data a and b. The capacitance 
values of the temperature compensating capacitors 34 and 
35 are respectively set to 1/16 of the capacitance value of the 
oscillation frequency setting capacitor 33. 

[0039] Although the temperature compensating capacitor 
is provided tWo (corresponding to the tWo voltage control 
terminals inputted With the temperature compensation data), 
the number of the temperature compensating capacitors 
(corresponding to the number of the voltage control termi 
nals inputted With the temperature compensation data) may 
be three or more. HoWever, the number of the temperature 
compensating capacitors has an upper limit and is selected 
in a range less than its upper limit value. This is because the 
value of stray capacitance existent in Wiring or the like of 
each temperature compensating capacitor becomes innegli 
gible for the capacitance value of the oscillation frequency 
setting capacitor 33 With an increase in the capacitance 
values of the temperature compensating capacitors parallel 
connected to the resonant circuit. Thus, the number of the 
temperature compensating capacitors reaches the upper limit 
value When the oscillation frequency of the oscillator circuit 
100 is controlled by the stray capacitance. 

[0040] [Con?guration of Temperature Detector] 

[0041] FIG. 3(a) is a con?gurational example of the 
temperature detector 8. The temperature detector 8 includes 
current sources 801 through 803, resistors R1 through R3 
and voltage comparators 804 and 805. 

[0042] The current source 801 is a current source inde 
pendent on the temperature, i.e., a current source that 
outputs a predetermined current Without depending on the 
temperature. The resistor R1 is connected in series With the 
current source 801 With resistors interposed therebetWeen as 
needed. Avoltage applied across the resistor R1 is outputted 
to the voltage comparators 804 and 805. The voltage applied 
across the resistor R1 is calculated based on the product of 
the resistance value of the resistor R1 and the output current 
of the current source 81. Since the output current does not 
depend on the temperature, the voltage applied across the 
resistor R1 does not depend on the temperature either. The 
voltage applied across the resistor R1 reaches 50 k§2*20 
pA=1V assuming that, for example, the resistance value of 
the resistor R1 is 50 k9 and the output current of the current 
source 801 is 20 MA. 

[0043] The current sources 802 and 803 are current 
sources each of Which outputs a current proportional to the 
absolute temperature. The resistors R2 and R3 are connected 
in series With the current sources 802 and 803 respectively. 
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[0044] Avoltage applied across the resistor R2 is inputted 
to the voltage comparator 804. The voltage applied across 
the resistor R2 is equivalent to the product of the resistance 
value of the resistor R2 and the output current of the current 
source 802. Since the output current is proportional to the 
absolute temperature, the voltage applied across the resistor 
R2 is also proportional to the absolute temperature. The 
resistor R2 is selected in such a manner that the voltage 
applied across the resistor R2 becomes equal to the voltage 
(1V in the present embodiment) applied across the resistor 
R1 at a temperature 350K. The voltage applied across the 
resistor R2 is calculated as 42857Q*20 pA (absolute tem 
perature/300K) assuming that, for example, the resistance 
value of the resistor R2 is 428579 and the output current of 
the current source 802 is 20 pA*(absolute temperature/ 
300K). 
[0045] Avoltage applied across the resistor R3 is inputted 
to the voltage comparator 805. The voltage applied across 
the resistor R3 is equivalent to the product of the resistance 
value of the resistor R3 and the output current of the current 
source 803. Since the output current is proportional to the 
absolute temperature, the voltage applied across the resistor 
R3 is also proportional to the absolute temperature. The 
resistor R3 is selected in such a manner that the voltage 
applied across the resistor R3 becomes equal to the voltage 
(1V in the present embodiment) applied across the resistor 
R1 at a temperature 260K. The voltage applied across the 
resistor R3 is calculated as 57700Q*20 pA (absolute tem 
perature/SOOK) assuming that, for example, the resistance 
value of the resistor R3 is 577009 and the output current of 
the current source 803 is 20 pA*(absolute temperature/ 
300K). 
[0046] The voltage comparator 804 outputs temperature 
compensation data b for decreasing the capacitance value of 
the capacitor 35 and raising the oscillation frequency band 
When the temperature rises. In the present embodiment, 
When the temperature rises beyond 350K (threshold value), 
the output of the voltage comparator 804 is inverted from 
loW: 0V to high: poWer supply voltage as shoWn in FIG. 
3(b) to thereby reduce the capacitance value of the capacitor 
35 by 0.07 pF from the capacitance value Where it is loW. 
The voltage comparator 804 has a history (hysteresis) With 
respect to the input such that When the temperature is 
loWered and falls beloW 350K, the temperature compensa 
tion data b is inverted from high to loW at a temperature 
loWer than 350K. 

[0047] The voltage comparator 805 outputs temperature 
compensation data a for increasing the capacitance value of 
the capacitor 34 and loWering the oscillation frequency band 
When the temperature rises. In the present embodiment, 
When the temperature is reduced beloW 260K (threshold 
value), the output of the voltage comparator 805 is inverted 
from high: poWer supply voltage to loW: 0V as shoWn in 
FIG. 3(b) to thereby increase the capacitance value of the 
capacitor 34 by 0.01 pF from the capacitance value Where it 
is high. The voltage comparator 805 has a history (hyster 
esis) With respect to the input such that When the temperature 
is raised and falls beyond 260K, the temperature compen 
sation data a is inverted from loW to high at a temperature 
higher than 260K. 

[0048] Here, it is desirable that each of the signals given 
to the temperature compensating capacitors 34 and 35 is a 
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stable digital signal of either 0V or the power supply voltage. 
This is because the dependence of the capacitors 34 and 35 
on the voltage is almost negligible near 0V and the poWer 
supply voltage given to the poWer supply control terminals 
of the capacitors 34 and 35, Whereas the dependence of the 
capacitors 34 and 35 on the voltage is ?nite in value Where 
each of the voltages applied to the poWer supply control 
terminals is an intermediate value betWeen those voltages. 

[0049] Incidentally, although the current sources for out 
putting the currents proportional to the absolute temperature, 
and the resistors and voltage comparators connected in 
series With them are provided in tWo pairs in FIG. 3(a), they 
may be.increased Within the range of the upper limit value 
of the number of the temperature compensating capacitors of 
the voltage-controlled oscillator 3 as described above. If the 
temperature detector 8 for outputting four temperature com 
pensation data is con?gured so as to output the temperature 
compensation data inverted from loW to high at 320K and 
350K on the side higher in temperature than 300K and 
output the temperature compensation data inverted from 
high to loW at 290K and 260K on the side loWer in 
temperature than 300K, for example, then high-accuracy 
temperature compensation can be realiZed as compared With 
the case of the tWo temperature compensation data. 

[0050] The current source 801 independent on the tem 
perature is one for generating a reference voltage indepen 
dent on the temperature may be substituted With a voltage 
source independent on the temperature. 

[0051] [Temperature Dependence of Oscillation Fre 
quency] 

[0052] FIGS. 4(a) to 4(a) shows results obtained by mea 
suring a relationship betWeen the oscillation frequency and 
the LPF voltage at respective temperatures (—40° C., 27° C. 
and 100° C.). FIG. 4(a) illustrates a relationship betWeen the 
oscillation frequency and the temperature at the LPF volt 
age=0.7V in FIGS. 4(a) to 4(c). 

[0053] Referring to FIG. 4(a'), the oscillation frequency at 
300K (27° C.) is 2478 MHZ, Whereas the oscillation fre 
quency at 373 (100° C.) is 2430 MHZ and the oscillation 
frequency at 233K (—40° C.) is 2489 MHZ. Aprincipal cause 
of a reduction in the oscillation frequency due to a rise in 
temperature results from the fact that the carrier mobility of 
each transistor constituting the negative resistor 31 is 
reduced to degrade the mutual conductance of the transistor, 
so that the resistance value of the negative resistor 31 is 
decreased. In addition, an increase in the value of a series 
resistance of the inductor 32 and the capacitor 33 With a rise 
in temperature also contributes to a reduction in oscillation 
frequency. Due to these tWo causes, the frequency at Which 
the negative resistance value (negative resistor 31) eXceeds 
the series resistance value (inductance 32 and capacitor 33), 
is reduced and hence the oscillation frequency is loWered. 

[0054] In the present embodiment, the oscillation fre 
quency varied With the change in temperature is controlled 
so as to be maintained at near the design value (2478 MHZ 
(300K)) by virtue of the temperature compensating circuit 6 
and the temperature compensating capacitors 34 and 35. 
Described speci?cally, When the temperature rises and 
eXceeds 350K as described above, the output of the voltage 
comparator 804 is inverted from loW to high and the 
temperature compensation data b: high is supplied to the 
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capacitor 35, Whereby the capacitance value of the capacitor 
35 is reduced so that the oscillation frequency band is raised. 
As a result, the oscillation frequency at 373K receives 
compensation to 2478 MHZ as a substitute for 2430 MHZ. 

[0055] On the other hand, When the temperature is loW 
ered and falls beloW 260K, the output of the voltage com 
parator 805 is inverted from high to loW and the temperature 
compensation data a: loW is supplied to the capacitor 34. 
Thus, the capacitance value of the capacitor 34 is raised so 
that the oscillation frequency band is loWered. As a result, 
the oscillation frequency at 230K receives compensation to 
2478 MHZ as a substitute for 2489 MHZ. The dependence of 
the oscillation frequency on the temperature shoWn in FIG. 
4(a) is suppressed by the changes in the capacitance values 
of the capacitors 34 and 35 due to these temperature com 
pensation data a and b. 

[0056] As a result, the oscillation frequency can be con 
trolled to near the oscillation frequency band at 300K in both 
cases in Which the temperature becomes higher and loWer 
than 300K. 

[0057] [Packet Transmitting/Receiving Process] 
[0058] FIGS. 5(a) and 5(b) typically shoWs a timing chart 
for describing a packet transmitting/receiving process 
according to the present embodiment. The same ?gure is a 
timing chart shoWing a process eXecuted for each transmis 
sion or reception of one packet. 

[0059] In a Wireless system of a short-range Wireless LAN, 
the transmission/reception of each packet generally takes 
turns at a time base. AWireless integrated circuit fetches set 
data (division ratio N) of the folloWing oscillation frequency 
from a control circuit of a Wireless apparatus at the begin 
ning of alternation of the transmission and reception and 
sends the set data to an oscillation unit (corresponding to the 
oscillator circuit shoWn in FIG. 1 in the present embodi 
ment) of the Wireless integrated circuit. 

[0060] Described speci?cally, the Wireless integrated cir 
cuit receives oscillation frequency data (division ratio N) 
and reads it into the register 5 and holds it therein at the 
beginning of alternation of the transmission and reception as 
shoWn in FIG. 5(a). The temperature detector 8 is started 
(ON) in the same time Zone and the temperature compen 
sation data a and b are read from the temperature detector 8 
to the register 7, Where they are retained therein. Thereafter, 
the temperature detector 8 is stopped (see the same FIGS. 
5(a) and 5(b)). AfterWards, the oscillation frequency data 
(division ratio N) is Written into the divider 4 and the 
temperature compensation data a and b are respectively set 
to the capacitors 34 and 35 of the voltage-controlled oscil 
lator 3. After the completion of these settings, the phase 
locked loop of the oscillator circuit 100 is operated to lock 
or pull in the frequency until the oscillation frequency is 
stabiliZed (see the same FIGS. 5(a) and 5(b)). If the oscil 
lation frequency is made stable, then the transmission or 
reception of the packet is started (see the same FIGS. 5(a) 
and 5(b)). 

[0061] FIG. 6 is a ?oWchart for describing the packet 
transmitting/receiving process according to the present 
embodiment. 

[0062] After the Wireless integrated circuit has been 
started up (Step S10), the oscillation frequency data (divi 
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sion ratio N) is read from the control circuit of the Wireless 
apparatus to the register 5, Where it is retained (Step S11). 
Further, the temperature detector 8 is started up (ON) (Step 
S12) and the temperature compensation data a and b are read 
into and retained in the register 7 (Step S13). Thereafter, the 
temperature detector 8 is turned OFF (stopped). 

[0063] Next, the oscillation frequency data is Written into 
the divider 4, and the temperature compensation data a and 
b are respectively set to the capacitors 34 and 35 of the 
voltage-controlled oscillator 3 (Step S15). After the comple 
tion of these settings, the phase locked loop of the oscillator 
circuit 100 is operated to pull in the frequency until the 
oscillation frequency is stabiliZed (Step S16). If the oscil 
lation frequency is stabilized, then the transmission or 
reception of one packet is eXecuted (Step S17). After the 
completion of the transmission or reception of one packet, 
the present process is returned to Steps S11 and S12, and 
Steps S11 and S12 through S17 are repeated. 

[0064] The capacitance values of the temperature com 
pensating capacitors 34 and 35 are held constant during the 
transmission or reception of one packet in this Way. Thus, 
even if the temperature is moved over the threshold values 
of the voltage comparators 804 and 805 of the temperature 
detector 8 in the course of the transmission or reception of 
the packet, the oscillation frequency of the oscillator circuit 
is held constant. 

[0065] In the present embodiment, current consumption of 
the temperature detector 8 depends on the number of the 
current sources. When the four current sources Whose cur 

rents are proportional to the absolute temperature, are pro 
vided in the temperature detector 8, the current sources of 
the temperature detector 8 result in 5 in total by summing the 
four current sources Whose currents are proportional to the 
absolute temperature, and one current source independent on 
the temperature. In this case, poWer consumption results in 
5*20 pA=100 pA upon operation of the temperature com 
pensating circuit 6. Since, hoWever, the temperature com 
pensating circuit 6 is deactivated up to the head of the 
folloWing packet after the temperature data a and b have 
been retained in the register 7, as shoWn in FIG. 5(b), the 
poWer consumption reaches less than 10 pA if averaged 
inclusive of even the time being used during transmission/ 
reception, and hence an increase in poWer consumption due 
to the temperature compensating function is little. 

[0066] In the present embodiment, the temperature data a 
and b are supplied to the temperature compensating capaci 
tors 34 and 35. HoWever, the temperature compensation data 
are supplied to the negative resistor 31, and the dc current 
supplied to each transistor of the negative resistor 31 is 
changed to vary the mutual conductance thereof, for 
eXample, Whereby temperature compensation may be 
effected on the oscillation frequency. Since it is disadvan 
tageous to increase the dc current ?oWing into the transistor 
in terms of loW poWer consumption of the Wireless inte 
grated circuit, the method of varying the capacitance values 
of the temperature compensating capacitors 34 and 35 as 
described above is advantageous. HoWever, When the tem 
perature compensation is effected on the oscillation fre 
quency by varying the mutual conductance of the negative 
resistor 31, the temperature compensating capacitors 34 and 
35 can be omitted. A circuit con?gurational eXample for 
changing the mutual conductance of the negative resistor 31 

Sep. 30, 2004 

is shoWn in FIG. 7. As shoWn in FIG. 7, a sWitching signal 
based on temperature compensation data is supplied to a Tr3 
to sWitch a current I supplied to the negative resistor 31 to 
I2 alone or I1+I2, thereby making it possible to vary the 
mutual conductance of the negative resistor 31. 

[0067] [Operation and Effects] 

[0068] According to the present embodiment, since the 
dependence of the oscillation frequency of the oscillator 
circuit 100 on the temperature is compensated, a burden for 
ensuring an alloWance for a change in temperature With 
respect to the oscillation frequency band is reduced. That is, 
it is possible to narroWly design the oscillation frequency 
band, i.e., design the frequency sensitivity of the oscillator 
circuit 100 loW. As a result, a variation in the oscillation 
frequency becomes small With respect to noise dependent on 
the output of the loop ?lter 2, Whereby an oscillation 
spectrum becomes narroW. 

[0069] According to the present embodiment as Well, 
since the temperature data a and b are retained in the register 
7 for each transmission/reception of the packet and supplied 
to the temperature compensating capacitors 34 and 35, the 
oscillation frequency band of the oscillator circuit 100 can 
almost alWays be maintained at an oscillation frequency 
band corresponding to a design value When the oscillator 
circuit 100 is used for long hours and even if the environ 
mental temperature is changed up to the maXimum of its 
specs (e.g., 230K to 400K). 

[0070] Further, according to the present embodiment, 
since the temperature data a and b of the temperature 
detector 8 are supplied to the temperature compensating 
capacitors 34 and 35 in the form of digital signals, and the 
temperature compensating capacitors 34 and 35 are sub 
jected to either 0V or the poWer supply voltage, i.e., the 
voltage smallest in capacitance value-input voltage charac 
teristic, the resistance characteristics of the output of the 
temperature detector 8 to electrical noise are excellent. 

[0071] Furthermore, according to the present embodiment, 
since the Wireless integrated circuit obtains the temperature 
data a and b during the reception of the transmit/receive 
frequency data from the control circuit of the Wireless 
apparatus, the in?uence of the acquirement of the tempera 
ture data a and b on the frequency pull-in time is little. 

SECOND EMBODIMENT 

[0072] FIG. 8 is a con?gurational eXample of an oscillator 
circuit 100 according to a second embodiment, and FIG. 9 
is a con?gurational eXample of a voltage-controlled oscil 
lator 3 according to the second embodiment, respectively. 

[0073] As shoWn in FIG. 8, the oscillator circuit 100 
according to the present embodiment further includes a 
device characteristic compensating circuit 9 in the oscillator 
circuit according to the ?rst embodiment. As shoWn in FIG. 
9, the voltage-controlled oscillator 3 according to the present 
embodiment further includes device characteristic compen 
sating capacitors 38 through 41 and a monitor circuit 37 in 
the voltage-controlled oscillator according to the ?rst 
embodiment. 

[0074] The device characteristic compensating capacitors 
38 through 41 are respectively variable capacitances for 
adjusting a shift in oscillation frequency band due to varia 
tions in device characteristic. 
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[0075] The monitor circuit 37 is a circuit for monitoring an 
LPF voltage. The circuit compares a reference voltage 
corresponding to a design value of an LPF voltage necessary 
to output an oscillation frequency set by frequency data 
(division ratio N) at a desired temperature (300K in the 
present embodiment) and an actual LPF voltage and outputs 
the result thereof as a monitor output. 

[0076] The device characteristic compensating circuit 9 is 
a circuit for controlling a string of device characteristic 
compensation data (a, b, c, d) given to the device charac 
teristic compensating capacitors 38 through 41, based on the 
monitor output and adjusting the capacitance values of the 
capacitors 38 through 41, thereby compensating for the 
in?uence of variations in device characteristic on the oscil 
lation frequency. 

[0077] The monitor output of the monitor circuit 37 is a 
digital signal. In the present embodiment, “0” (loW: 0V) is 
outputted When the LPF voltage is less than or equal to the 
reference voltage, Whereas When the LPF voltage is higher 
than the reference voltage, “1” (high: poWer supply voltage) 
is outputted. The monitor output of the monitor 37 has a 
history (hysteresis) With respect to the input. There is a 
difference betWeen an LPF voltage at Which the monitor 
output is inverted With an increase in LPF voltage, and an 
LPF voltage at Which the monitor output is inverted With a 
decrease in LPF voltage. 

[0078] The capacitance values of the device characteristic 
compensating capacitors 38 through 41 are values propor 
tional to the poWer of 2. In the present embodiment, the 
capacitance values of the device characteristic compensating 
capacitors 38 through 41 are 0.03 pF, 0.06 pF, 0.12 pF and 
0.24 pF respectively. The device characteristic compensat 
ing capacitors 38 through 41 respectively receive respective 
data of the device characteristic compensation signal string 
(a, b, c, d) corresponding to a digital signal from the device 
characteristic compensating circuit 9. The capacitance 
value-input voltage characteristics of the device character 
istic compensating capacitors 38 through 41 are set so as to 
select capacitors in Which the dependence of the capacitance 
values on the voltage becomes almost Zero betWeen 0V and 
the poWer supply voltage. 

[0079] The oscillation frequency of the oscillator circuit 
100 is increased in a range of 15 MHZ to 18 MHZ each time 
the composite capacitance value of the device characteristic 
compensating capacitors 38 through 41 is reduced by a 
constant value C1 (e.g., 0.03 pF). Changes in oscillation 
frequency by simulation are represented as shoWn in FIG. 
10. In the same draWing, the composite capacitance value of 
the device characteristic compensating capacitors 38 
through 41 is expressed in multiples of C1, and the oscil 
lation frequency corresponds to the oscillation frequency of 
the oscillator circuit 100 at the each composite capacitance 
value. The amount of a shift in the oscillation frequency is 
equivalent to a change in frequency With the oscillation 
frequency 2460 MHZ Where the composite capacitance 
value is 8*C1, as a reference value. 

[0080] [Capacitance Value Determining Algorithm of 
Device Characteristic Compensating Process] 

[0081] FIG. 11 is a diagram for describing an algorithm of 
a device characteristic compensating process and shoWs a 
calculated example of device characteristic compensation 
data strings (a, b, c, d). 
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[0082] In the same ?gure, a trial value (?rst time: initial 
value) to a trial value (fourth time) are indicative of values 
of data temporarily set to each device characteristic com 
pensation data string (a, b, c, d). A response indicates the 
value of the monitor output. Here, “1” indicates high: poWer 
supply voltage, and “0” indicates loW: 0V. The ?nal value 
indicates a ?nal determined or ?xed value of a device 
characteristic compensation data string (a, b, c, d) obtained 
as a result of four trials in total. The composite capacitance 
value is expressed in several times the constant value C1. 
When the response (monitor output) is 0, the oscillation 
frequency band is excessively higher than a set value and 
reaches an oscillation frequency corresponding to set fre 
quency data at an LPF voltage loWer than a reference 
voltage. When the response (monitor output) is 1, the 
oscillation frequency band is extremely loWer than the set 
value, and an LPF voltage higher than the reference voltage 
is needed. In the present embodiment, as Will be described 
later, the calculation of the device characteristic compensa 
tion data string is executed only once upon start-up of the 
Wireless integrated circuit. 

[0083] The composite capacitance value 1*C1 corre 
sponding to the uppermost stage in FIG. 11 Will be 
described by Way of example. 

[0084] Firstly, the initial value of a device characteristic 
compensation data string is set to (1000) and data of a 
fourth-order bit is temporarily set to 1 (initial value: trial 
value for the ?rst time). When the frequency pull-in is 
executed at this value, the monitor output becomes 0. This 
corresponds to a case in Which the oscillation frequency 
band of the oscillator circuit 100 is excessively higher than 
the set value. Since there is a need to increase the capaci 
tance value of the capacitor 41, corresponding to the fourth 
order bit and shift the oscillation frequency to the loW 
frequency side, data (device characteristic compensation 
data d) of the fourth-order bit is set to the monitor output 0, 
and the folloWing third-order bit is temporarily set to 1 (trial 
value for the second time). On the other hand, When the 
monitor output is 1, the oscillation frequency band of the 
oscillator circuit 100 is excessively loWer than the set value. 
Therefore, the data of the fourth-order bit is set to a monitor 
output 1, the capacitance value of the capacitor 41, corre 
sponding to the fourth-order bit is reduced and the oscilla 
tion frequency is shifted to the high frequency side. 

[0085] That is, the value (1 or 0) of the monitor output is 
set to an nth-order bit being in trial, as a determined value 
as it is. 1 is temporarily set to a bit to be tried next. 

[0086] The response at a trial value for the second time 
becomes 0. In a manner similar to the above, a third-order 
bit is determined as 0 and a second-order bit is temporarily 
set to 1 (trial value for the third time). 

[0087] The response at a trial value for the third time 
becomes 0. In a manner similar to the above, a second-order 
bit is determined as 0 and a ?rst-order bit is temporarily set 
to 1 (trial value for the fourth time). 

[0088] The response at a trial value for the fourth time 
becomes 0. In a manner similar to the above, a ?rst-order bit 
is determined as 0 and the ?nal value of a device charac 
teristic compensation data string is determined as (0000). 
The composite capacitance value corresponding to the 
device characteristic compensation data string (0000) results 
in 1*C1. 
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[0089] That is, When the responses for the ?rst to fourth 
times are changed to 0, 0, 0, and 0 as mentioned above, the 
?nal value of the device characteristic compensation data 
string is given as (0000), and the composite capacitance 
value of the capacitors 38 through 41 results in 1*C1. 
Combinations of other responses (monitor outputs) are also 
similar to the above. Temporary setting, frequency pull-in 
and determination of values for monitor outputs are repeated 
from an upper-order bit to a loWer-order bit, so that device 
characteristic compensation data strings (a, b, c, d) can be 
determined. 

[0090] According to this algorithm, device characteristic 
compensation data strings of n bits can be calculated by 
trials of n times. The composite capacitance of the device 
characteristic compensating capacitors can be expressed in a 
2n gradation. That is, many levels of gradation or gray (2“) 
can be represented With a less number of trials n. In the 
present embodiment, a device characteristic compensation 
data string of 4 bits can be determined by the number of 
trials corresponding to four times. The device characteristic 
compensation data string can be expressed in a 24 (16) 
gradation. 

[0091] [Flowchart of Packet Transmitting/Receiving Pro 
cess] 
[0092] FIG. 12 is a ?oWchart for describing a packet 
transmitting/receiving process according to the second 
embodiment. In the present ?owchart, Steps S21 and S22 are 
added to the ?oWchart according to the ?rst embodiment. 

[0093] In Step S21, it is discriminated Whether the trans 
mission/reception of a packet corresponding to a ?rst time is 
made upon start-up of the Wireless integrated circuit. If it is 
determined that the transmission/reception thereof has been 
made upon its start-up, then the process of calculating device 
characteristic compensation data, to be described later is 
executed in Step S22, and thereafter the transmission/recep 
tion of the packet (Step 17) is executed. If the ansWer is 
found to be No in Step S21, i.e., upon packet transmission/ 
reception corresponding to a second time and later, the 
transmission/reception of a packet is executed in Step S17 
after Step S16 in a manner similar to the ?rst embodiment. 

[0094] FIG. 13 is a ?oWchart for describing a process for 
calculating and setting device characteristic compensation 
data at Step S22. 

[0095] First of all, a design voltage necessary to cause the 
oscillator circuit 100 to oscillate at the oscillation frequency 
set in Step S15 is supplied to a negative-phase input terminal 
of the monitor circuit 37 as a reference voltage, and device 
characteristic compensation data (a, b, c, d) is initially set to 
(0001) (Step S221). That is, the voltage applied to each of 
the voltage control terminals of the capacitors 38 through 41 
is initially set. Next, a counter value indicative of the order 
of a bit to be tried is initially set to “4” corresponding to the 
most signi?cant bit (Step S222). 

[0096] At Step S223, 1 is set to an nth-order bit to be tried 
as temporary (temporary setting of nth-order data). Since, 
hoWever, 1 has already been set to the fourth-order bit to be 
tried in Step S221 upon the ?rst time trial (upon trial at the 
initial value), there is no need to set 1. 

[0097] In Step S224, the phase locked loop of the oscil 
lator circuit 100 is operated to execute frequency pull-in and 
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Waits for stability of the oscillation frequency. In the present 
embodiment, a Waiting time is assumed to be 500 psec. 

[0098] In Step S225, the value (1 or 0) of a monitor output 
after the frequency pull-in is set to the nth-order bit to be 
tried and the value of the nth-order bit is determined. 

[0099] Since the oscillation frequency is excessively 
loWer than the design value Where the monitor output is 1 as 
mentioned above, there is a need to reduce the capacitance 
value of each device characteristic compensating capacitor 
and shift the oscillation frequency to the high frequency 
side, and 1 is set to the nth-order bit. On the other hand, since 
the oscillation frequency might be excessively higher than 
the design value Where the monitor output is 0, there is a 
need to increase the capacitance value of each device 
characteristic compensating capacitor and shift the oscilla 
tion frequency to the loW frequency side, and 0 is set to the 
nth-order bit. 

[0100] It is determine in Step S226 Whether n=1. That is, 
a decision is made as to Whether the determined bit is of the 
least signi?cant bit. If the ansWer is found not to be n=1, then 
the present process proceeds to Step S227, Where 1 is 
subtracted from n and the order of a bit to be tried is loWered 
one (e.g., it is loWered from a fourth order to a third order), 
and processes of Steps S223 to S225 are repeated. 

[0101] When n=1 is reached at Step S226, all bits of a 
device characteristic compensation data string (a, b, c, d) are 
determined. Therefore, the device characteristic compensa 
tion data string (a, b, c, d) is ?xed (Step S228) and the preset 
process proceeds to Step S17 of FIG. 12. 

[0102] [Operation and Effects] 

[0103] According to the present embodiment, since the 
in?uence of variations in device characteristic is further 
compensated in addition to the compensation for the in?u 
ence of a change in temperature, a variation in oscillation 
frequency betWeen Wireless integrated circuit individuals 
due to the variations in device characteristic can also be 
compensated and an oscillation frequency band can be 
maintained at a design value With more satisfactory accu 
racy. 

[0104] According to the present embodiment as Well, a 
string of device characteristic compensation data is deter 
mined and ?xed upon start-up of a Wireless integrated 
circuit. Thereafter, temperature compensation data are fur 
ther updated for each transmission/reception of a packet. 
Therefore, even if the temperature changes after the start-up 
of the Wireless integrated circuit, the oscillation frequency 
can be maintained in the neighborhood of a design value 
oWing to the reneWal of the temperature compensation data 
Without updating the device characteristic compensation 
data. 

[0105] Further, according to the present embodiment, 
device characteristic compensation data strings (n device 
characteristic compensating capacitors) of n bits are pre 
pared even if the levels of gray for a composite capacitance 
value necessary for device characteristic compensation need 
2“. Thus, the values of the device characteristic compensa 
tion data strings can be determined by the number of n trials. 
Accordingly, the number of trials may be n times to deter 
mine the levels of gray equivalent to 2“, and an increase in 
time required to determine the corresponding device char 
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acteristic compensation data string is suppressed and hence 
the levels of gray can be increased. 

[0106] While the present invention has been described 
With reference to the illustrative embodiments, this descrip 
tion is not intended to be construed in a limiting sense. 
Various modi?cations of the illustrative embodiments, as 
Well as other embodiments of the invention, Will be apparent 
to those skilled in the art on reference to this description. It 
is therefore contemplated that the appended claims Will 
cover any such modi?cations or embodiments as fall Within 
the true scope of the invention. 

What is claimed is: 
1. An oscillator circuit comprising: 

a resonant circuit including a negative resistor, an induc 
tor and an oscillation frequency setting capacitor hav 
ing a variable capacitance according to a control volt 
age based on oscillation frequency data and outputting 
a signal having an oscillation frequency based on the 
oscillation frequency data; 

a temperature detector detecting temperature and gener 
ating temperature compensation date based on the 
detected temperature; and 

a plurality of temperature compensating capacitors each 
of Which is electrically connected to the resonant circuit 
and changed in capacitance value based on the tem 
perature compensation data so as to adjust the oscilla 
tion frequency. 

2. An oscillator circuit according to claim 1, Wherein the 
temperature compensation data include a plurality of data 
inverted With a plurality of temperatures as threshold values. 

3. An oscillator circuit according to claim 2, Wherein the 
temperature detector includes, 

a ?rst current source that outputs a constant current 

regardless of the temperature, 

a ?rst resistor Which is connected in series With the ?rst 
current source and outputs a ?rst voltage proportional 
to the current of the ?rst current source, 

second and third current sources each of Which outputs a 
current proportional to an absolute temperature, 

second and third resistors Which are respectively con 
nected in series With the second and third current 
sources and output second and third voltages respec 
tively proportional to the currents of the respective 
current sources, 

a ?rst voltage comparator Which compares the second 
voltage With the ?rst voltage and thereby outputs ?rst 
temperature compensation data, and 

a second voltage comparator that compares the third 
voltage With the ?rst voltage and thereby outputs 
second temperature compensation data. 

4. An oscillator circuit according to claim 1, further 
comprising: 

a divider that divides the-frequency of the output signal of 
the resonant circuit by a predetermined division ratio; 

a phase comparator Which compares a signal outputted 
from the divider and a reference frequency signal and 
outputs a signal based on a difference in phase betWeen 
the tWo; and 
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a loop ?lter Which smoothes the output of the phase 
comparator, 

Wherein the resonant circuit outputs an output signal 
having an oscillation frequency equivalent to division 
ratio times the reference frequency signal With the 
output of the loop ?lter as the control voltage. 

5. An oscillator circuit according to claim 1, Which is 
mounted to a Wireless apparatus that transmits and receives 
a packet, said oscillator circuit further comprising a tem 
perature compensation data setting unit Which is connected 
to the temperature detector and Which obtains and retains the 
temperature compensation data for each packet and supplies 
the same to the temperature compensating capacitors. 

6. An oscillator circuit according to claim 5, further 
comprising a frequency data setting unit Which obtains 
frequency data for each transmission/reception of a packet 
and sets the same to the oscillation frequency setting capaci 
tor, 

Wherein the temperature compensation data setting unit 
obtains the temperature compensation data from the 
temperature detector in parallel With the acquisition of 
the frequency data by the frequency data setting unit. 

7. An oscillator circuit according to claim 1, further 
comprising: 

a plurality of device characteristic compensating capaci 
tors Which are electrically connected to the resonant 
circuit and are varied in capacitance in accordance With 
device characteristic compensation data for compen 
sating for variations in the device characteristic of the 
oscillator circuit; 

a monitor circuit Which compares a reference voltage 
corresponding to a control voltage to be supplied to the 
oscillation frequency setting capacitor at a predeter 
mined temperature and an actual control voltage and 
outputs the result of comparison thereof; and 

a device characteristic compensating circuit Which tem 
porarily sets the device characteristic compensation 
data and determines the device characteristic compen 
sation data in accordance With the output of the monitor 
circuit subsequent to frequency pull-in at the tempo 
rarily-set device characteristic compensation data. 

8. An oscillator circuit according to claim 7, Wherein the 
device characteristic compensating circuit repeats the tem 
porary setting of the device characteristic compensation 
data, the frequency pull-in and the determination of the 
temporarily-set device characteristic compensation data by 
the number of the plural device characteristic compensating 
capacitors every said device characteristic compensating 
capacitors to thereby determine device characteristic com 
pensation data on the plural device characteristic compen 
sating capacitors. 

9. A method of controlling an oscillator circuit compris 
mg: 

providing a resonant circuit including a negative resistor, 
an inductor and an oscillation frequency setting capaci 
tor having variable capacitance according to a control 
voltage based on oscillation frequency data and gener 
ating an oscillation frequency signal based on the 
oscillation frequency data, and a plurality of tempera 
ture compensating capacitors electrically connected to 
the resonant circuit; 




